Abstract. -After accurate horizontality adjustments, a regular pattern of liquid columns formed below an overflowing circular dish can be forced to a global rotation. In this state, the whole pattern is drifting at a constant and uniform speed, with parity breaking of its elementary cells. This speed increases with the flow rate, is independent of the fluid viscosity, and increases with the value of the pattern wavelength. Possible breaking mechanisms of this global drift state into localized dilation waves are also qualitatively discussed.
The dynamics of one-dimensional cellular patterns generated by diverse instabilities have recently attracted great interest. Universal behaviors were identified in different structures such as Rayleigh-Bénard convective rolls under confined geometry [1] , viscous "fingers" formed in the "printer's instability" [2] , or regular cells observed in directional solidification [3] . More recently we have been investigating another system that we called the "liquid column array" [4] - [7] . This last example of cellular structure is encountered in a family of free surface flows involving a liquid falling at a constant rate from a solid ceiling. The perhaps simplest example is observed at the lowest edge of an inclined plate on which a liquid is running [8] : when one reduces the flow rate, the liquid sheet formed downstream breaks into a regular pattern of parallel liquid columns with a well-defined spatial periodicity. Another geometry encountered in many industrial devices (heat exchangers), involves film flows driven by gravity on horizontal cylinders [9] : below the cylinders, the same pattern is observed, its typical "wavelength" (distance between columns), of order 1 cm, being close to that expected for a Rayleigh-Taylor instability of the liquid hanging below the cylinders (about 10 times the capillary length, i.e. 1 to 1.5 cm). Our previous studies [4] - [6] , carried out on liquid columns formed below a horizontal cylinder, revealed a great variety of dynamical states. These can be forced at will by touching one or two boundary columns with needles of imposed position or motion: owing to capillary effects, these columns are pinned on the needles and follow exactly their motion. A first application of this fact [5] , [6] consists in forcing a uniform dilation of the pattern wavelength, by increasing in a quasi-static way the distance separating two boundary columns. Above a certain threshold, this leads to the appearance of an "optical" mode in which the column positions oscillate, the motion of nearest neighbors remaining out of phase [5] , [6] . On the other hand, if one imposes a sudden, large-amplitude motion of one column, involving the coalescence of the moving column with successive neighbors, a localization of the pattern dilation inside a travelling region occurs [4] - [6] . This so-called "dilation" wave [2] involves the appearance of a localized drift state (or "tilt domain" [10] ): the columns inside the localized travelling "bubble" drift at a constant speed, while the frontiers of the domain also travel at a constant speed but in a direction opposite to the drift motion. The propagation of such objects was investigated more carefully [6] , [7] by using a new geometry reproduced in fig. 1 (a) , to which the present letter is again dedicated: periodic boundary conditions can be obtained by using a circular container filled with liquid at a constant rate: the liquid overflows, runs along the vertical sides and falls from the bottom edge of the container into the pattern of liquid columns. Viewed from above, (see fig. 1 (b) ), the columns appear as small circles (a white screen is placed below the transparent container and is lighten by reflection). Experimentally, one observes that their centers lie on a circle of diameter 2R = 9.5 cm, that is slightly smaller than the container diameter (2R = 10 cm). Column motions only take place along this circle, radial fig. 1 (b) , by recording the grey levels at successive times on a circle crossing all the columns. Time t is running towards the bottom (total duration of this recording 25 s), the angular position x being plotted horizontally. The sudden motion of a needle (black oblique trace) put in contact with one column and removed in a very short time induces the propagation of a localized drifting domain. (b) and (c): When the distance covered by the needle is increased (to a "locking" condition, i.e. the merging of the ascending and descending fronts of the wave), a "global" drift mode is observed, possibly containing localized "defects" traveling in a direction opposite to the drift.
motions being always smaller than 1% of the circle radius. Spatio-temporal (x-t) diagrams are therefore obtained by extracting from a sequence of pictures the grey levels on the circle of diameter 9.5 cm, the result being reproduced on successive lines of the (x-t) diagram (x position on the perimeter, t time). A typical example of such a diagram is reproduced on fig. 2 (a) in the case of a localized drift state. This object has been generated by the needle motion indicated by the arrows in fig. 1 (b) : at t = 0 a horizontal needle is put in capillary contact with a column and then moved at constant speed along the container perimeter before being rapidly removed. One can identify on the (x-t) diagram the two different velocities V d (drift speed of the columns) and V g ("group velocity" of the frontiers). As usual [2] , [3] , the drift motion goes along with a "parity breaking", the profile of the interface between two columns becoming asymmetrical. An example of this symmetry breaking is presented on fig. 1 (c) in which shapes of static and drifting cells are compared. In the second case, the asymmetry appears as a slight modification of the liquid "arch" connecting two columns [7] : while the column distance is increased, a hanging "bump" is formed near the middle of the two columns with a slight shift in a direction opposite to the drift, before disappearing when the column distance begins to shrink.
In this letter, we show that a global (or extended) drift state can also be observed in this system, and we present a first study of its properties and of its stability. This drift state is the equivalent of that encountered earlier in directional solidification [10] or in the printer's instability [11] , its existence in the case of the liquid column array remaining up to now conjectural. By "global" or "extended", we here mean a state in which all the columns are moving at the same speed. This behavior is observed when the distance covered by the needle in fig. 1 (b) becomes large enough: a typical spatio-temporal diagram obtained in this case is reproduced on fig. 2 (b) . One can note the presence of a "defect" propagating in a direction opposite to the drift, and composed of a small region containing a static column. These objects, studied in more detail in a separate paper [13] , can be avoided by imposing a very regular motion to the needle. This leads to a perfect global mode (uniform dilation of the wavelength without defects) such as that of fig. 2 (c) . All the observations of figs. 2 were performed in the same conditions as in refs. [6] , [7] (container external diameter 10 cm, silicon oil that ensures a good wetting of the ceiling, viscosity 20 cP, range of flow rate 4 to 6 cm 3 s −1 ) after a few improvements of the experiment: in particular, special care must be taken 1) with the technical realization of the container (here Plexiglass machined at an accuracy of 0.02 mm), 2) with the horizontality adjustments (1.4 milliradians accuracy ) and 3) with the regularity of the needle motion. The horizontality was checked by comparing the reflection of a vertical laser beam on the top side of the dish in the absence of liquid (a mirror was placed on it), to that obtained on the free surface of the liquid (horizontality reference).
In a second step, we have studied quantitatively the properties of this global drift state (allowed wavelength λ and drift velocity V d ), by varying the flow rate and the viscosity of the liquid. Three different viscosities were tested in usual temperature conditions (T = 20
• C): 10, 20 and 50 cP, the other physical properties of the fluid remaining constant (density 0.97 g cm −3 , surface tension 20.3 dynes/cm). For 50 cP, we found that three possible wavelengths of the drift state were allowed when the flow rate was larger than 3 cm 3 s −1 , respectively associated to a total number of columns equal to N = 15, 16 and 17 columns (i.e. λ = 2πR/N = 2.0 cm, 1.87 cm and 1.76 cm). Although the restricted extent of our experiment implies a quantification of the allowed wavelength, these results suggest the existence of a finite band of stable drifting wavelengths. When one reduces the viscosity, this band shrinks and the global mode progressively disappears: for 20 cP oil, only N = 16 was observed, and for 10 cP even this mode becomes unstable with respect to column nucleation.
We have measured the drift velocity V d of the global drift mode as a function of the flow rate. The results obtained for the highest viscosity (i.e., 50 cP) are presented on fig. 3 for all three allowed wavelengths (black symbols): the drift velocity is an increasing function of the flow rate and also an increasing function of the wavelength trapped in our periodic boundary conditions. This last result is consistent with the theory developed by Coullet et al. [12] , in which the local spatial phase gradient (i.e. the local wavelength, and more precisely its difference with a background value) plays the role of a control parameter for the parity-breaking instability (left-right symmetry loss of the cells). We have compared on fig. 3 these measurements with (2) and (3) column nucleations, and (4) propagation of defects similar to those of fig. 2 (b) . The step (1) has been enlarged for clarity: the oscillatory behavior is revealed by the traces of the transient drops of fig. 1 (c) , appearing between two oscillating columns.
the drift velocities V d measured on localized modes [13] (x-symbols). Because of localization, the accuracy is less good, but these results are sufficient to indicate that the same order of magnitude for V d is involved in both case. We have also compared on fig. 3 these results with the drift velocity observed at 20 cP for the only stable wavelength (i.e. 16 drifting columns). Except for a few points, this velocity is identical to its equivalent at 50 cP, which suggests that V d is independent of the viscosity.
After having quantified the properties of this global drift mode, one may be interested in its stability with respect to weak perturbations. A simple way to perturb this global drift consists in slightly tilting the container. For a static pattern (i.e. without drift) such a perturbation leads to slight increase of the wavelength in the upper part of the container, presumably induced by a small transverse component of gravity. A typical example of a spatio-temporal diagram obtained on a global drift mode is reproduced on fig. 4 . A progressive disintegration of this state is observed, involving five successive states: the local increase of the wavelength leads (phase 1) to a local oscillation (similar to the "optical mode" discussed in our previous papers [4] - [7] ). When the amplitude of these oscillations become large enough, the threshold of column nucleation can be locally reached and new columns are formed with zero velocity (phases 2 and 3). These constitute the seed of defects similar to that of fig. 2 (b) that travel in a direction opposite to the drift (phase 4). After additional column nucleations (phase 5), the spatial extent covered by the drifting domains is progressively reduced, which finally leads to a localized drifting state domain similar to that on fig. 2 (a) . The generality of these mechanisms and the laws governing their appearance is currently under study.
In conclusion, we have pointed out the existence of an extended or global drift mode of a circular array of liquid column. The drift velocity is an increasing function of the flow rate and an increasing function of the wavelength trapped in our periodic boundary conditions. Its value does not depend on viscosity, but the stability range of the global drift state narrows when the viscosity is reduced. The possible instability of this drift state involves complicated processes, including the appearance of defects immersed in the drift state and travelling in a direction opposite to the drift. Another interesting property of our system is that the parity-breaking transition can only be realized by applying a large perturbation to the stationary state (large needle motions). This suggests that the parity-breaking transition could be here subcritical: a detailed study of this transition is under way.
